R ECENT studies have brought to light two possible relationships which may exist when sulfur is used as a soil amendment in the correction of manganese deficiency. One of these may be the'possibility of a sulfurmanganese relationship in which increased amounts of sulfate-sulfur in the soil solution may cause increased amounts 'of manganese to be absorbed by the plant. The other is the possibility of a direct reducing action by the sulfur on the manganese dioxide of the soil exclusive J of the acidity produced by the oxidation of the sulfur. These two sulfur-manganese relationships, together with data showing the effect of sulfur on the yield and uptake of manganese by oats and soybeans under both greenhouse and field conditions, are presented and discussed in this paper.
Greenhouse studies:-A greenhouse experiment was set up to study the effect of rate and particle size of sulfur on the uptake of manganese by soybeans and oats. The soil used was a manganese-deficient Maumee loam. This is a lacustrine, wiesenboden-like soil of the Late Wisconsin Age. a IX profile of the Plainfield catena. It is black in color, high in organic matter, and poorly drained. It is a rather extensive soil type of northern Indiana. The soil was screened, mixed, and potted in two-gallon glazed crocks at the rate of 8 kilograms per pot. The treatments shown in Table 1 were added, each treatment being replicated four times. A randomized block design was employed. With those treatments receiving sulfur, the sulfur was mixed with the entire body of the soil except as indicated in Table 1 . The initial application of phosphorus and potash was also made at this time by mixing superphosphate and muriate with the soil. Subsequent additions were made by applying a solution of soluble salts of these elements to the surface of the soil. The initial application of manganese sulfate was made by applying it as a powder in a band 2 inches below the soil surface. Later applications were made by applying a solution of this salt to the surface of the soil-. The sulfur was mixed with the soil about a week before planting the first crop of beans. Two crops of Richland soybeans were planted. These were followed by two crops of Gopher oats. The soil was sampled at the end of the second crop of beans and the ammonium-acetate-soluble manganese and the soil pH were determined for each pot. The beans were harvested when the lower pods were beginning to fill and the oats were harvested when the plants were just beginning to enter the booting stage. All plants were dried in a forced-air dehydrator at 70° C for 36 hours and ground in a Wiley mill. Samples were then analyzed for manganese using a slight modification of the perchloric-nitric-sulphuric acid digest method of Piper (17)." The results of these analyses are shown in Tables 1,  2, and 3. to-be manganese deficient. The soil is Maumee fine It is high in organic matter and has a pH of abou proximity to a ditch caused it to be unnaturally w The experiment consisted of eight treatments rep times in randomized block design. All plots rece application of 1000 lbs. per acre of an 0-15-half of which was plowed under and half of which broadcast and disced in 10 days before planting ti fur treatments were applied with the fertilizer. Th chloride was mixed with quartz sand and applied distributor along side the seed at planting time. were taken on July 27 and plant samples were ta later when .the pods on the lower one-fourth of th nearly full. Ammonium-acetate-soluble manganese terminations on the soil and manganese determina dried and ground plant samples wert made. Th analytical results are shown in Tables 4 and 5 .
RESULTS
Greenhouse studies.-The results shown i and 2 indicate that under greenhouse con treatment had no significant effect on the dry the plants. However, the manganese conce the plants was significantly affected by all mesh sulfur treatments. The 1,120 Ib. rate mesh sulfur also increased the manganese con second crop of beans and the second crop of of the other sulfur treatments effectively in manganese content of the plants.
The manganese sulfate treatment effective the manganese uptake of the first crop of so had little residual effect on the second cro summarizes the behavior of the second crop plants on the check pots, the manganese sul pots, and the pots receiving the 80-mesh sulf havior of the bean plants of the first crop to that of the second crop in all respects exce of the plants on the MnSO 4 treatment show ficiency symptoms on the first crop. The acetate-soluble manganese of the soil from after the second crop of beans was harveste ppm. Three of the four replications of this tr hibited manganese deficiency as is shown in T manganese content of the soil from treatmen 0.38 ppm, but none of the plants exhibited
